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7>^ofl <3A^1 Oj-g-^ ^oflAi *jA> 

(Pressure Swing Adsorption, PSAH] £]*fl, ^rJ:^ 3|- sfl^Hs) 

^<*H °]-§-^Rr ^ ^<*l) ^ B |)7l7>>i 

^^£7> ^ ^ 21% iLtf ^ ^-f Bfl7)7>^« 3-7] £}- PSA^^^l ^ 

£.5. A>-g-ij r 7fl ^-7)» €S7}iS. ^)-§-*Kr 7}^ PSk^ 1-^7} Jilt}, PSA 

T^* ^7^^-711 #^ ^ ^ ^"^1 90% £*Kr^» oj-g-^-7)) £) 

3, 4kdl W 21%Ol -^7] » Af-g-^ -g-Aj-O) ^ jitf, n]^0] AjA^o] ^cfl 5 ti^>X] ^ 

fe #3°] ^Khii^2} Hfl#7f>iofl^ 70-80% 7$5L2] 31 ^±.7} g.^S\ 

^ °1« ^ ^-§- ^71^ ^ *fl^ a) 7]^ W 40%^JE» PSA*^ 

f^lt4 €5 ^g"*Kr 3-7]^7l^ -§-^# 1/2°)^ #<|) ^7> &7fl ^Cf. 
°}*Wt PSA ^^ 7 ]o^ 7^2}- ^H.^ ^jo^^o} ^ 

%-§-^- ^ ^-oish, ^KrJE.^ p1 All- ^-Jl^ ^ ^^^ej^-o] 
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£^h&» ^ ^r^M*^ {Method for Producing a Useful 

Compound and Method for Treating a Wastewater Using Pure Oxygen} 
[5= ^3 ^] 

7fl^# M-b^^ ZLHfl^olrf. 
£ 5^ «fl7]7]->i^ ^-7H ^^-7}-^ ^ ^^3E7> 40%^ ^ PSA^<^ <£^±. 



^4 ZLSfl^o]^. 

(exponential phase) -fj-^jx)- ^-E« M-eJ-«£ ZLefl^o]cf. 
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71^-71 ^ ^ -§-o|H 21% S*HeL ^-71 7> #-8-*>Jl &<Llj- 

90% 0)^-0] %-§-S r ^ ^JL^ 3f ^oj)A-1 Jl^£ P]^-- ^o) 

7>^«fl ^7l» A>-§-^- nfl i£tf -fl^ol ^aflS. #7]-^}M- ZL %-g-o] ol^}*] ^^_o 

4 7}*1 « 0 >^ ^ (i) av^s}- ^db^l w]^^ ^it ^sj- -g-t 

(cryogenic fractionation) ^ (2) ^Kpressure swing adsorption, PSA) ^ 

(3) ^-(membrane)^r 4bM ^ ^ ^ PSA ji^o] ^tfl^M ^^7>7> 

^sfl^U 3X7] n^o]t\. 

PSAHHH a>^^.^o] 21%<?1 ^-71 ♦ *H 93%^ 51^ ^>dfc:» ^ 

^ ^ Wfl7l7l-ioll M-^.^ ^ f-^o] 70-80%^ Jl^i ^^7> ^ #°>*H o]S. yfl 

7l7>^l- C0 2 7>i:« ^Ti^EL ^S.^ ^ ^ B| ^ofl ^*fl 3. 

^£ iL#*H ^^1- ^^>7|-^ ^o]cf. ol^Tfl ^^dl ^-g- 

*Kf 3# ^ JLiiL trrf. 
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#^ <U*}: 2004/2/10 



^ ?! 0 ]4. £^^2} ^g- ^ 100%^ #^ 85%°1#3 jl^sl 

^#45. ^ ^fil Afls. ^£M4 M ^ »fl<£gMr ^ f-^ 21%^ ^-7}3.±r 

^ ^ ^o,^ Aj^m ^ tflAf^ofl j*)^ QjO.^ ^ o. o) 

^ g 45 ^ ^ ^ s. 

^ [Lee, S.Y., TIBTECH, 14, 96-105(1996); Chang, H.N., Furusaki, S, Membrane 

Bioreactors: Presents and Prospects, Advances in Biochemical Engineering, and 
Biotechnology, 44, 27-64 (1991), Springer-Verlag; Rittman B.E. , McCarty, P.L. 
Environmental Biotechnology, 2002] 

(polyhydroxybutyrate, PHB)^ ^-Jl^^* uJ-Ej-tflji ojt}. PHB^I ^-*H|-ir ^^a> 
^ * ttlia^-^ %+ 7 } 5L4H 2.97*fl, 30L°)H 6.16«fl5L #-§-7]7l- tS^s. 




*r (L.A. Shang^l 5^, Biotechnology and 



Bioengineering, in press, 2003). 



<13> 



-ff7 r *ll 0 <H>H ^ 7 ]^ phb ^-tr^ wis 
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<14> 



,£.3}: 




(h) 


(g/L) 


(g/L) 




5L 


Oxygen 


45.0 


208.2 


138 7 


Ch -cylinder 


5L 


Air 


45.5 


96.4 


46.6 




30 L 


Oxygen 


47.0 


185.9 


131.3 


Oz-PSA 


30 L 


Air 


45.5 


49.2 


213 




300 L 


Air 


49.0 


23.4 


8.4 





<15> 



<16> *a*rt **<*te oJ}*fl*7lS] **** £^ ^7)o] -^cfl^ 

£ - ^o.^ ^£7f 99%ol#cQ ^o] ^lo]^ ^±Z-$r 

1.51Kwh/Nm3oltl-[http://www. C r aH tnp,- a go kr] £ #^2) o) ^ ^ejnKg- oj-g-^-o.^ 

Ai * 7 l a W ^ flfe* of 35 _ 55% ^ £oH 0,^0 

Ojcf. 0]^O. S O.^^. Q0%77 }*} - Ol 4 ( 

http://www.nitro P en com ). a|e ^o) #-§-5)^7 5^ ^ ^ 3^ *^ c ] # ^ ^ 

ol**M ^g. ^» ^s r£ .sL W ^(pressure 

swing adsorptio, PSA)*^ *x}. 0} ^oflfe 7> ^ € ^ 7]# €as ^ 

0.8-1.4Kwh/Nm3o U ^3 3,^^ 0. 43-0. 6Kwh/N m 3(http: //www. cirmac. com) ^^S. 

^rf. o H -M^ 90 _ 95% ^ ^ 93% 5A] 

Wo] 7HS- * H 99% ^ S7> ^ 7> ^o-*^ o1 ^aiw. 
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*1, *£| ^ 90% AVdL7> €-a*V 3«|X|te psa^o] 7> # w*** 

* ^ ^ (*h*B|** f *HWM. *fH>H»HM. 1996). 

<17> ^ ^Shil*^ 

ttW *** ^ 2L^£ tti^ W * 99% 

* #^ ^4* M h)^ oJ Auf> ^ SH6l)Ai ^ 

Sfe SOOmS^^o]^ lwm(vol./vol..mih)o.S. 300m3/ m i n ^ x^ 7 > W 7^0) « 

^. °1» ^l^te 711^*! 18,000m3/h7l- 7)]^^ 432,0000,37]- W . 

PSA X^*, ^^ 7>7V ^ ]7l ^^.^ ^ ^^^^3/^ 

«o] Wa ^ ma (Metcalf & Eddy> Wastewater Engineering> 4th ed ^ 

McGraw-Hill, 2003, htt D ://www oxajr com aji) 2)t|) -§-^ ^ojg. ^ 
^ 5000m 3 /h^l 7>^*>cfjl 157 sin olc)-( 

http://www.ciW com ), *<M)324 ^ 7 j ^ 2 0-40wd(vol ./vol .day)S W 

SOOOmS^^o) ^ ^^ulao! # ^7]^ 100,000-200,0001137} St*. 

"^"^ 1/5S #^ ^ 20,000-40000m37> S)H PSA ^ ^-g-^e^ ^ofl 

120,000m3o] *^*M<4 SJ-g-o] 7>^>cfji ^tj.. 

o)W * W W ^ ^fl ^ PSA ^ l7> tfl^£ 

<r 7Hr^ 7 >x]ji o|cf^ ^o]cf. 
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9% 2004/2/10 

is** *ti ** o,*» Mt ^ 7)fe SS|SB)7> aAM . w 2wo) 

a PSA^ t^fcfet 93%s) £ £ » 7Wa ^ 7)fl| lm3e ^ ^ , 7|(aerat . on) 

-1* 4fe ** „ H 0 93/0 21=4 4Bfl ^ ^ 

0.455/0.467=0.974, % + 1.264/2. 500=0. 5057} 5^ ^K^ap^fe ^ ^ 

0.445/0.421=1.057, fc* 3* 0.534/0. 819=0. 6527f #z}. 
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<22> 







* *1 f PSA 


a | -XL 




% 


21 


93 








0.299 


1.428 


*t,ogmoi/ it>3 


m 




0.467-2.500 


0,105-0,914,^ 




^3 j 


Kwh/kgQa 


0.421-0.819 


} 0.095-0,184> ^2 






Kwh/kgOz 




0.350(=0.5/1.428), 
^4 


PSA# a}-g- 




Kwh/kg0 2 


0.467-2^00 


0.455-L264 




# :fcJL 


Kwh/kg0 2 


0.42H).819 


0.445-0,534 





^1: (0.3(M.50)kgD 2 /Kwl V B.Atkinson, F.Mavituna, Biochemical 
Engmeermg and Biotechnology Handbook, The Nature Press (1983) 
pp760-765. " 

^2: PSA=^7] X (0.21/0.93) 

^3: (1.22-2.39)kg0 2 /Kwh, Reynolds, TD, Richards, PA, Unit Operations 
and Process Environmental Engineering, International Thomson Publishing 

^r4: http:/ / www.cirmac.com 

» W ^ ^ €ss ^ pg^,^ ^ „ >#of ^ 

B »7]7>-* o a ^ ^ ^ ^ 
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<25> 



<26> 



,0007045 - 3 

#^ 2004/2/10 

eutropha^ PHB 444 *fr * * 5*5*4 [L . A . Shang ^ 5 ^ / 

Biotechnology and Bi ©engineering, in press, 2003]. 
[i£tgo] ojs^^ 7 j^ 

° H1 ^ ***** ^» *-*S ^ *A***m ^ej^ofl^ 

W 21** W « - 7 ]» A>^>^ ^ x^* ^ofl^ ^ 

^ ^ tf^tfo] -7]^^ $u^ # o]^^ ^ # 

3 JL*2E tffl^o] 7>¥ ^ o] S o]^ ^ * ^ ^ ^ a^se 

7>**HiS oj* ^ <fe o^o] fl* - 7> o^. «^*) 

*#7>3<>1 oj fe ol^^ ^ o!^ l7> ^ - <^ 

4*4 au«m J*** j,^^ ^ WJl ^ 

^ ^ ^^S7> fe^ PSA^-g- ^o) ^^olBj. ^ - ^ 

4hfc* 11£ *Rr p]^# -><^ ^o, H ^ ^xv^ --^ef £ ^ ^ 
^ 4fcfc*| »«>> <>1*2E7> 20%» ^-f 7 > <£ 4 . ^ w 90% ^ 

feed gassL a Hfl7l7 r ^<*|| S M C0 2 » PSA^* aflT^H £«?*4hfc» <t*tt 

PSA ^ ^ + 7} ^ ^ 

*** ^7H7)7l 7^ *± ^^jOS ^ ^ ^ ^ a> 

*^ ^ o] H fl7 ]7>-^ ->^£- 80%ol^O^ ^ ^ 

(Schroeder, ED, "ffater and wastewater treatment, McGraw-Hill, 1977). 
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<27> Hj-^ -M. ^oflA^ Q) AV^ igrgo) ^7|^4 fe^r ^Sl, 3^]^e) ^- a] 

^^SH «-§-^ ^^-^=0] 21%tl ^7]# %-g-*>^ ^^Cf A^AV^ofl. 

3 S£^l: ^l^, (2) ^ 7>*1 ^ ^ ^ofl^ ^ »]2-7l-^^ 

^Lofl ^<£3^ ^DL, (3) ^*b£* ^*Hr ^"Jl^, x^s] 
°]-§-«: 0 l 20-30% ?$5Lg. Zi^Tfl ^ ±13j*H (4) ^^^^H ^ 4 

£ o]-g-^>S^ Ufl7l7]-^o)l C0 2 , ^]^^>J1 31^-5. -t> 

4i* *H«-fr*M 4hM|^7>:z^ S^^-g S-^o^ (5) o]*fl^l ^ ^ °1-§-7>^o] ^0} ^ 
*»-$<>l ^ 0I-8- 3*fl^-§: *|MM7]*r Cfl [3E2]. 

<28> (2)^4 psa ^-7)» |SS 4^ (membrane process) 

- s 40% ^7 r ^» ol * psa feed gasS. a>-§-^ PS A ^ 

^ofl A>-g-s)^ Jfs}» i/2ol*>S. ^ satf. (3)^-4 flr^H "HIM^ 

tifl7]7>i# Tfl^&Al^ £^dfc:* PSA^-^S] 1/2 ^ ^ ol^-S. 

^r4fek7> C0 2 SL^M <*hM ^o]7l ^q^fl -fr^ #0} 

-§-^>^l ^ Cr [L.A. Shang-2] 5^, Biotechnology and Bioengineer ing, in press, 2003]. 
<29> ^ J2-^ ^h^^l £ *])2:7H1 ^ ^fc PSA^ 

^ f^t^ -M* a^s^l §>7l feed gas 3 a>>l ^tfl^s. ^o]^ cfl 

Hfl#5l^ Wfl7l7>^ PSA^^l ^IdbSl-^-Jl nl^j^. o]-g- 

^^°fl A 1 ^S.^ ^» ^-#«>7l ^<SH ^7l ^ ^-7l^.Cf ^ A>dl#^^ 7fif ^7^> 
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^ ^ ^>4i» €^ »fl«£*H -fr-frl^ >$A>*Rr *?HH ^o^, 

^ n}^lr Hfl^^^l ^f^Rr #31; ^"71 wfl^^ ,)fl 7 ]7}At oj-^^j^^- 

(PSA) ^ a>^» oj fe ^1; ^ #71 #?1HH <^a1 ^ 

tj-A) tifl^^6j) ^11- ti>4^^ ^j-g- ^ S>fe ^ A>^» C]-g-^ p] 

^7>S £ ^« €-9-^ SRr ol-g-tb ^1^^ «cHH 9X°]*\, <£^r 

a>^» 31^3 ^*Rr ^1; ^-7] n^n^i wfl7]7>^» <g-^ufl^*a}- (psa) 

#7] ol-g-^-^oflA^ ^S.^ <£db-I- i^V7l ^><*j «fl7l7>^ ^^A] PSA 

(1) ^*fl ^7] ^ -t>^.# #-8-^H -R--8-#^ ^^Vs>^ ^JL^-^^I^U)- -ft- 

€-§-*>S.S a>^;e -¥-^-5.^ ^<*Hd°l ^tb^S. # ^Jla]^ 25%-70%a1 # ^ ^ 

^ %-§"°l €4. (3) =8-^1 ^ 7>-^Al^> ^o\)^ Mfl7l7>^ ^^.ofl icj-^- ^ 

^-4 C0 2 # ^1^^ £2^1 SAlsj ^o] ^s.^ iL^S ^ 9X^r ^£^1 ^7l , 
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(4) PSA^Hl 7}^x= Ej-A]- 7 ^i. 

l-Hg-^cf. (6) °.3 ^Jl^^H^t ^7)# ^-f^uj- ^x^o] 5a fl 

*M sfl^ii) ^^M]J£ 1/2 - 1/5^5. f^^if 

-t>^» PSA ^^^.nfi ^^"^ 1/3-1/2 °1^L §<|j ^ ol^o] o^o] ^ti] 

&^Hl» ^7> 

<34> ^*H1 l: PSA <£^x$ ^ 

<35> PSA ^f-7fl ^7])^ ^ S^M" £3^ ^7flSl PSA ^ 

9X^. -f-ii ^ ^-<HH <a^M-^ ^-§- #3^^ 7>^ ^0.5. ^ 

«&(I)3 SAl^H ^^^r (11)3. ^ (IID3 ^ ^ 

(17)3 Stepl* bed 1A^ ^ «>Jl bed lB^r ^^ofl ojoo) A ] 

Step2o)]A-^ "2^" ^-9} bed 
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lA^f bed 1B^ <£<3 ^^(equilibrium)* 7}# Jf. s tep3^ "l^"^-t>^ ^(I)-^!* cf 

step4-6^ "29^"^-^ ^(11)^^ 7^4. Step7°lMTr "2^"^«&s] sg^m. 
step8-9°lH "11^"^ ^ W(III)* step KWH "10^"^ ^ g 4^(IVM- 

el^l stepl^ ^ «aKlII)^S tiV^cf. 7 ># Al^>ol ^e)^ ^oj-(i) £ *2V^ 

^-2-5. # "642: M ?>^ cycle time ^ "303:"1- *r*I^Ml rf-g-^- ^ 1^(111), ^-^J- 

Bed lA^ bed lB^- 5 step*? *H7> $X-£-^ "30^"£\- "2^"2j 2g^A]^> n>^- r&o] 

^ ^ ^ o^o. bed 1A# 7l#^S. JUg stepl<*lH ^(IIDaIo)]^ ^<a-(PL)o]^c)- 

7} step2^ a] ^^-(PL) step3^ ^#(1) ^ **KlI)AHfe Jl^-(PH)^ «Hm. 

i=H step 4-67}*!^ Jl < y-(pH).^S. step7,8°fl^^ -H<iHH step9°lH^ *l^h>H 

steplO^ Tgrz*r ^ ^l^^HH^ oj-^^- 7>^lt^. 

^Hl 2 : ^-71 # PSA^^ofl 

Bed 1A, bed 1B^ 5cm, ^1 57cmS] ##*tH] <£i=Lp] ^(0-201)^ »1-2.hMS 
(CECA-C0 2 Li-X)» ^^^3- ^^g^r (Hitachi, YEF0-KTPM), ^7l^7l (KNF Neuberger, 
N811KN.18)* ^r-g-*H cycle time^- *h ^ PSA^]» 3^ *f)*|-^t)-. 

514°1H^ ^-7)# PSA -fr^^ULS. *>£* ttflo^ 0.0^0.^ ^ # ^ 

^31 &t].. ojiifl^ ^-^cq Al?i e. 9-2-1-10-10-9-2-1-10-10^ cycle time* <>l-g-*r53^. * 
^-fHS^ 15L/min5L *}5L, SOOOmgHg?}*] .g-s^o^ uj) 2.5L/min^ 929M# 0 2 7} 

s\ £4 (j£4a,b). 
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<40> ^AHI 3 ; ^ 7 }7}^ ^7}S>\- ^7}+(#^±-5L 40%)- 



#^ Qx}: 2004/2/10 



<41> Bed 1A, bed lBfe *]# 5cm, ^o) 57cra^ #^^] ^^(D^Ol)^ *)l-2_iiHE 

(CECA-C0 2 Li-X)» ^Sj-aL (Hitachi, YEFO-KTPM), ^7]^7] (KNF Neuberger, 

N811KN.18)* j£ 3 cq cycle time ^. ^ ^ ^ PSA#*1* ^fl^^Sl^-. 

<42> o]^cfl^ ^jr^ofl^ ^ 5^ £^7>i*l 40%» A>-g-sH cycle time^r 

15-2-1-10-10-15-2-1-10-10^- ^>-8-«V5a^. £5a,b<Hl t-J-Ej-iflSm. 36 

* A 1^ ^7] 4 f-Tj] ^^-7>^» PSA^ -fj-^7}-^^. A>-g-^^- nflS}- ^-71 « ZL*£ A>-g-^^- 



<43> 



<44> 



1 — 










(%) 


(L/min) 


O2 ^5. 
(%) 


(L/min) 


% 


mmHg 


40.3% 02 
-8-<a 7>^ 


40.3% 


6.7 


92.4 


avg. 
2,44 


83.5 


1000 


^"71 


20.9 


14 


923 


avf 
2.45 


77.4 


3000 



<45> 



<46> 



^7^^ -B-^ol ^ja. 3)^0} ^o.^ ^-^je.^- ^7]-B-<*H 3000mgoflAi 
3) lOOOmgHg^ <£?HH ^ 5^ ^o] ojcf. 

^ A H1 4 : n^l- tJL^ «fl7l7>^ 7.fl£^ PSA 'tJL ^7] 
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^H3<HH A}~g-^ PSA^l* °l-§-*H, >«^r«fl^ tE]^olcs A ]^)5|) ol 
H(Polyhydroxybutyrate, PHB)» ^^>^ Wild type Ralstonia eutropha W # °l-fr*H 5L 
^jL2:°fl S.22\ ^-7l» XV^S} Ji^SS. Sfe PSA^S. ^-a-il^ -fr^-R-^ 

"i: ^ 7.3L/miniL5. ^^^^ nfl ^ 6 «.^ ^xj.^^ ^(£6a)^f ^S. 
6b)» ^^Jl $X^. &t -B-^ ^ ^ 3L/miiH:n 1.5L°1H ^jl 4.3L/min*fH 

■^•^^ 15-2-1-10-10-15-2-1-10-10^-S i6bfe ^^£7> 219HH 90%?} 

^*H1 5 : wfl7l7]-^ ?fl^: PSA fhiL^ #7] 

-g*H3<M A}-g-^ PSA^l* °l-g-SM, p]^*^* -B-7>«fl^(fed-batch)^.S. 

27]o|)^ #3 "M^Tti # ^ ^-fi-T^C oxygen uptake rate)^ ^^-sj^ 

# tf^Jl^ (mg 0 2 /(L.h)) = ^-Sfl^Tfl -ihiiJl^ (mg 0 2 /g.h) x ^ 
^Kg/L) 

44172^H a>^^^:o] ^0^14. ^ 7 }i7} ^o] ^H^c*) Bfl7l7>^ofl Bj-^7]-^ "t^o] ^0} 
71 PSA<M ^aVs]^ ^aj.^ -0.^0] #o^.§- 1; ^ C0 2 ^ <>fl^rtN]5L PSA» ^ 

^ -M 100% ^1^5)^4. PSAoH^ s£X\ £7b^^i iUr ^A]^o.s. vi\7)7}^9) Aj.^ 

^^^47} ^4 ^ ^ ^ 9X^. 
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£H *\ JiL^r ^-o] ^a^o} ^£7} 15% ^2-5) ^£7> 

2.5g/L^[ nflfe ^ 40Al#£] ^jM*!: # ifl-StJo]*]^ 40g /L ^g- 5 ?- 45^^ ^J:^ 

^ 28*1 *>AS (^-^^ KAIST 4}*Rr^, 2003). °]$r %■ "gJL^HQ 25%5f 62% 

°fl Sfl^W. (DnJ-eH ^-M-^ PSA#*H *r 7fl^ I-JLS* "S^**) PSA^ %-§-a1^ ^ej 
71 IE ?>\5L (2) S^r %-§-^*l Al*Hl A>i# aJaVs>^ ^^-S>^ ^^cf7> ^AA]ofl 

W ^ t^S 1^ PSA #*]^ fl-S.» ^db^h ^ ^ 

°>2fl ^Htt ^7l, PSA *hh, Hfl7l7>^ PSA ^ B]32L^|-J7 

-§-71 Q PSA^ ^ HlJjLfe ^-7]^ ^fl^^o] ^O.l4 PSA^ ^l^^o] 

■=H ^«13E ^-S-^-c]-. 4-5«fl^ ^cfltb ^>-§-7] <g*H ^AtF <>r 

^ i4^i 3^ 3.7)^ i£-g-7l<4 ^^o] Aj-g-sq^ ^^lq-. PSA^^r 

% PSA7>^ PSA#*H1 wl-g-ij- ^^^o] ^Tfl J^^.^o] ^-^o]c|.. rcj-e}- 

*i «fl7l7>^i cfs. PSA^^l 7fl^4 cl-i-oi PSA^s] ^s}-* #^11: ^ ^fe 

^fl*fl<>l ^. ^Jolcf. s|e ^ o]^-*). j7^ £ (membrane cell recycle)^ ^ 

°1 3^- ^ -g-^ # T-flefli] ^ofl wltfl ^ \+ 5E^r 

PSA ^*ll^* 7^l7l7> £]J1 Sd^r- 
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<55> 



^71, PSA'S, ^7)7}^ Tft&Q PSA (£- A>ikg^- 







FSA(^)Bfl^) 


PSAf-S- yJ-^'i 




% 


21 


93 


93 




kg/m 3 


0.299 


1.428 


1.428 


dt.2.-g-ejF/^l 


Kwh/kgQz 


0.467-2.500 


0.105-0.914 


0.105-0.914 




Kwh/kgOz 


0.421-0.819 


0.095-0.184 


0.095-0.184 




Kwh/kgQ, 




0350(=0.5/1.428) 


0.175, ^1 


»±$-7l 3.7) 


% 


100,^2 


20-25 


20-25 




% 




100 


50 or less, ^3 




Kwh/kgQz 


0.467-2.500 


0.455-1.264 


0.280-1.089 




Kwh/kgCb 


0.421-0.819 


0.445-0.534 


0.270-0.359 



<56> ^l: ^7}^ a>^£# 40%^ £S 7H^rS4. ^±.^51 60% Hfl7l7>^sl- 21% 

o> n 2 sm 2 ^M^r ^ *te ^.^S. ofl^t}. 

<57> ^-7l» A>-g-^^ ufl «>-§-2:^ 100%^ 7>^^^t)-. 

<58> ^3: ^1^1 7>^o)l tr)-^ 50iH} ^ ^ 7>^^ 371^ 0.6^^. 

<59> -^Al^l 7 : sH^i e) o__g. 

<eo> ^^2,6)1 oj-g-s} 1948^18*1^ 1969^*1] <>> ^« ^ 

*H3W. t^^25) t^I^^. i-£L^- 7000-10, 000mg/L°l£jl ^7fl^ ^7> ^ 
°|7m ^-711- JjMs}^ ^^ol «-g-3:n. ^nfCSchroeder, ED, "Water and 

wastewater treatment, McGraw-Hill, 1977). °H 7)^^] ^^^JE^b 80% ^£^31 
±s± al-f-3 *H» °l-§-^ £-^5^^ PSA^ol ±7l\s\JL $X^. 2^°flb *K^3* 
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15,000-30,000 mg/L^l o]5jl $>itf. o] ^ n)^c>l ji^£o] 7 1 ^r^ilr ol-g-^j. 

^ -SH3r^ cKt-i ^HM*J 7]-^o] oicf (Membrane Technologies for Industrial and 
Municipal Wastewater Treament and Reuse, Water Environment Federation, 2000. 
ht t p : //www . wef . org) 

^ ^°fl &<>H a>^^-^o1 90%ol^oi ^^a>^-I- o]-g-^-j7 zl yfl 7 l7}^l- 

(PSA)-S-S. PSA^^l^ -£ti}H]«aJ- ^7]^ o.s. <>] 

-fr-g-M-i: ^*Hr ^3:^, -B-711-^-i: ^71^ ^l^Hl^«Hl^ ^KhL-i- Af-g- 
^ ^7l^H Hltsj) ^r-l-71^ l/2-l/5>gS.S. ^ ^ ^.S.*fl3.«] 

7> -^71 tflA] ^-A^o} ^ 2)1^7} ufl^l ^-g-^5)x) ^-Sj-JL ^-g- ^fl £r 

^^V^^ol ^a]]^ 7}7l7|l I^-g-^ ^ o)^ol o^^- ^ olcf. 

33*1) ^JL^^HHfe ^^^^^o)]A^ %Aj^.iJ|^ ja^-g. ^7l^lS 

^ ^ Aj-7} ^tjg^- #*fl 7]^^ AJ- 

21%<3 ^-711- -g^S-S. ^ ^-^^ 40%°K>£1 ^^-7f^# ^TflSS 

^ ^^/AV^lj^ 7l^^^r 3.76^1 WlSfl °- 1.5<^1«>S. S)o1 PSA -^7} 

# °1*>S. #711 ^4- 7]^ ^ C0 2 7> cfl 

A Hi ^ ^ ^- ^^a- psa<^h co 2 » ^ti^h co 2 » ^-Tii 
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<64> ^ ^Khb 0)%°- -g&i^s. alls 
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[3^8- 11 

« Wfl^^ofl ^SRr ^"71 *fl<£^^ Wfl7l7}^l- oJ-B^^zj- (p SA) X\ + *$ 

2] 

*<H T^*}^ ^"71 Sfl^ el Hfl7l7>^# ^^^a}- (PSA) ai^^o.s. 7fl^$ 

3] 

»U*J- 5E±r ^12^^1 XH-M. Wfl7l7>^i T-fl^A] PSA Al^^ofl if;£o} ^- 7 ] i£i=. J^JE 
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[£ 11 



C02_conc. (%) 




02_mmoLTiL 
C02_mmol/nL 



20 30 

Culture time (h) 



R-eutropha^ -fr7>^ Mfl«9=<^A^ o 2 4)- C0 2 ^ ^ OUK(oxygen uptake 

rate) A CER(C0 2 evolution rate)sj iQ^MtMl n}-* (iES.^ 2.5g/L 
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[5L 2] 



Off-Gas Recycle PSA 7l)»^£ 



more than 92% 0. 
2.5 L/min 



'2 



Off gas (8% 1 2% CO* 80% 0 2 ) 
2.5L/min 




". .. • = 'J- •■ 



^ ^ © Air, 3.5IVmin 

40-50% oxygen air © 35-55% Oxygen from membrane separation 
6.0L/min (f) Pure Oxygen from cryogenic separation 



■ PSA : PSA 

■ Reactor : d]^^- ift-g-7] 

■ Tank : 7}* ^ 7\<&7\ -$± Ji^-g- 7^ 

■ PSA * 3**1*1 N 2 7> >l]7l^uL COzfe- #3*1 *l]7l4g. 
(N 2 : 8%, QCh : 0%) 

(D #4:^ 21%>§-7] / 

(2) -4hfcU 35-55%, tiHfrel 7>^, 

<$ thfcfl-* 99%, <a}SJ- 
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[5L 3] 

PSA ^ <&£?^ g-gHHI 



Product 



I : *B II : §Sf 



. v.*iV- . 



III : SB IV : S AIIS 



step 
bed 1A 



bed IB II 



pressure! 
(bed JA) ' 

Time 

<sec) i 



PL PL-PI r 



eq 



111 



2 j I 



n 

jiu 

; PH 



;5 

i" 



1 



16 
II 
III 



.10 



j 10 j 9 



eq 

PH-PL 

9 



!8 

lltl 

i 

1 



:9 

i 

■} - 
ui 

Ji 

PL 



IV 

n 

i 

iPM 



10 



I 



10 



[eq: A,B**ni- ^ <&^ig*g, PL: PH: <&V* § PM: ^Jh 
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[51 4] 

X|~g-5a-i- n| cycle -SMSf 



f step ! 1 


2 


3 


4 . 5 


6 


7 


8 


Time , 
1 (sec) j 


2 


1 


io ! jo 

« 


9 


2 


I 



9 
10 



1_ 10 
I 10 























far J 












(4-b) 

IPSA^-^sl cycle time: 9-2-1-10-10-9-2-1-10-lOs] 10 step. ■=-!£ ^tHf: •t}^ 
92% Qa^ -ft-^ ZSL/min, feed flow rate 15L/min, product gas rate 
2.43L/min, 3 2^ 3000mgHg, 3**}^ lOOmmHg] 
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[51 5] 

40% <§-jfc^^7>>i# feeds. *H£-f^ Tg^. cycle ^^^^4 



^ 11*]-: 2004/2/10 



i 

j Stesp 


I 


2 


3 


! - ! 


5 


6 


7 


8 


" "1 
9 


I Tune 
! (Sec) 


, 16 ! 


2 




I » 1 


10 


15 


2 


1 


10 



uo 




IPSA^S} cycle Hme: 15-2-1-10-10-35-2-1-10-1021 10 step. ^S. -it 
±-®V 92% 0 2 Q -fr^ ZSL/min, feed flow rate 6.7L/min, product gas 
rate 2.5L/min, ^31^ lOOOmgHg, ^"g^ lOOmmHgJ 
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6] 

Off-Gas Recycle YSA&x) ^r^^l^ (start-up) 



Step 

"Time" 
(sec) 



15 



4 
10 



10 j IS j 2 



9 
10 



JO 



10 



4.5 
4 

♦| 3.5 
3 



3 

0 2.6 
2? 2 

1 1.5 
" 1 

0.5 
0 




Start-Up 




:"4 ., 
















* -_1 






* ' »"•.«■ '. ' "•" - - - 







50 



100 



1 50 200 
time (sec) 



250 



300 



350 



(6-a) 



£ 

6 



Start-Up 




1 00 



200 
time(sec) 



300 



(6-b) 

[PSA^S] cycle tone: 15-2-1-10-10-15-2-1-1 0-10S) 10 step^ii f>}JL. 5L ^ 
Jl^cfl Reutropha «fl<# a| ^h^^ 92% O^V -fr^ 3.0L/min^-^. 
Feed flow rate 7.3L/min, product gas rate 3.0L/min, 3^5L<Q^ lOOOmgHg, 
^^^•^ lOOmmHg] 
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LE 71 

Off-Gas Recycle PSA^^ (oxygen uptake time) 



excess oxygen uptake time 




41522 41572 41622 41672 41722 

time (sec) 



41772 



(7-a) 



35 

o 
c 
o 
o 
c 

I 

o 



92 
91 
90 
89 
88 
87 
86 
85 
84 
41 500 



excess oxygen uptake time 



^ftjBMBB<& IrflnffH hi' iiln 


! — ;X i* 1— ■ 



















41 550 



41 600 
time (sec) 

(7-b) 



41 650 



41 700 



[PSA^S] cycle time: 15-2-1-10-10-15-2-1-10-10^ 10 stepAS. Sj-JL 5L ifr 
Jl2:o1) R. eu tropha HH«3= ^1 «B 7] 7>i (off-gas) 2j -fi-^ 4.4-1.8(L/mta)<fl^ 
41572&(11.5A]?>)^: ^±JL^o\ 3.2-0.8(L/min)5. tfrh^(a). °H 

-thii^fe- 90.5% ^£.5. ^-^E)cf7l- 41570_%°|]a-] -fi-^o] fug^ ^l^S. 
7h 84.5%S. Q±$&7\ 91.5%S ^7}-^ ^ -fr*l«(b). 
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